Neurofibromas are benign tumors comprised primarily of Schwann cells and fibroblasts. Mast cell infiltration is a well-known phenomenon; however, their role in tumor pathogenesis has been enigmatic. In an elegant set of experiments using cells derived from a murine model of neurofibromatosis 1 (NF1), Yang et al. (see the related article beginning on page 1851) dissect the molecular pathways involved in mast cell migration to neurofibromin-deficient Schwann cells. These results set the stage for rational development of therapeutics that could influence the multicellular microenvironment of neurofibromas to inhibit the development and/or progression of these tumors in human NF1.
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Yang and colleagues were intrigued by the seminal observations of Zhu et al. (3) of neurofibroma formation in mice expressing the conditional deletion of Nf1, whereby double inactivation of the gene Nf1 -/-in Schwann cells could only induce neurofibroma formation in the context of a heterozygous Nf1 +/-genetic background. This supports the paracrine model for neurofibromas; other cells in these mixed-cell tumors must be haploinsufficient for neurofibromin to support proliferation. Yang et al. (2) have taken these observations a step further by dissecting the cell types and the molecular mechanisms by which the tumor microenvironment contributes to neurofibroma formation. Through a set of elegant experiments, they have delineated a complex biological system and provided a model demonstrating not just who the major players are in this process, but how those players interact in concert to develop neurofibromas (Figure 1 ). 
Neurofibroma microenvironment

Mast cells and neurofibromas
The presence of mast cells in human neurofibromas, initially reported in 1911 by Greggio (9) , is well known to clinical pathologists. Additional studies have since supported the finding of mast cells in peripheral nerve trunks (10, 11) , peripheral nerve tumors (12) (13) (14) , and neurofibromas in neurofibromatosis 1 (15) (16) (17) . The potential involvement of the c-Kit receptor and its ligand (18, 19) in the formation of neurofibromas has also been reported, but Yang et al. (2) are the first investigators to evaluate living cells of different genetic backgrounds in order to demonstrate how increased mast cells populate neurofibromas. Now that a plausible mechanism has been established for the migration of mast cells to developing neurofibromas, it is important to dissect potential mechanisms whereby mast cells can induce cells in the microenvironment to either tolerate or enhance cell proliferation. Because we know that neurofibromas, like other tumors, are complex tissues
In an Original article series published through the March of Dimes Birth Defects Foundation in 1981, Vic Riccardi outlined his "NF cellular interaction hypothesis," implicating the mast cell as a major player neurofibroma formation (1). He was attempting to explain the variable expression of neurofibromatosis 1 (NF1) by cellular interactions and the finding of high numbers of mast cells in neurofibromas when he posited that "the mast cell now is seen not as a secondary arrival in a developing neurofibroma but as an inciting factor contributing in a primary, direct fashion to tumor development." It has taken over 20 years, but in this issue of the JCI, Yang et al. (2) clearly set the record straight by identifying the molecular mechanisms underlying mast cell infiltration of neurofibromas. The authors demonstrated that the inciting factor for mast cell migration is Kit ligand and that it is hypersecreted from Nf1 -/-Schwann cell populations. Nevertheless, that Riccardi hypothesized para-with interactions between genetically altered Schwann cells, mast cells, and other supporting coconspirators lead to cancer development (20) , it now becomes important to determine the role mast cells play in the microenvironment of NF1-related peripheral nerve sheath tumors.
Mast cells in cancer
Mast cell secretions are known to be integral components of wound healing and tissue repair, even in the peripheral nervous system. In addition to their role in inflammation, mast cells provide mitogens for fibroblasts, endothelial cells, and nerve cells to enhance tissue remodeling, and they are also now being recognized as potential epigenetic contributors to cancer (21) . It will be important to establish the functions of the mast cell after it has migrated to the Kit ligand-secreting Schwann cells. In addition to secreting mitogenic and angiogenic substances, including basic FGF, VEGF, histamine, heparin, prostaglandins, leukotrienes, and proteolytic enzymes, mast cells may also have novel cell-tocell interactions (22) or other unknown functions that could induce neurofibromas. Thus, the development of medical treatment targeted to mast cell function may be a rational approach to decreasing neurofibroma formation in NF1. In a pilot study, Riccardi used ketotifen as a stabilizer of mast cells to demonstrate less small-vessel bleeding in surgical excisions of neurofibromas (23) . He followed up this study with a controlled multiphase trial of ketotifen in 27 patients, assessing pain and itching associated with neurofibromas, and showed a response (24) that was reviewed as encouraging, but not definitely beneficial (25) . Given that specific paracrine pathways have yet to be defined in the microenvironment of NF1-related neurofibromas, Yang et al. (2) appropriately point out that therapeutic agents that target the migration of mast cells (i.e., inhibition of c-kit activity and adhesion to α4β1 integrin) may hold promise in the early treatment and/or prevention of neurofibromas.
Mast cells: missing in action
There is one caveat to bear in mind in regard to the role Nf1 +/-mast cells may play as they nestle into their newfound microenvironment. With respect to the role of inflammation in cancer and the recognition that mast cells are one of the inflammatory cell types involved in protumor actions (26) , it should be acknowledged that neurofibromas are benign tumors, especially the dermal neurofibromas, which never progress to malignancy. It is also important to recognize that the neurofibromas that develop in the mouse models are not dermal neurofibromas, but are more like human plexiform neurofibromas. These tumors often progress to malignant peripheral nerve sheath tumors (MPNSTs); however, unlike in other tumor model systems where inflammatory cells are in excess in tumor microenvironments, there are relatively few mast cells in MPNSTs (ref. 27 ; H. Zhou, personal communication). Is it possible that an influx of mast cells, drawn by a small cohort of malignant Nf1 -/-Schwann cells, induces fibroblasts to synthesize the plethora of extracellular matrix seen in dermal neurofibromas, which could then serve as a "glue" to corral the deviant Schwann cells? By this reasoning, only when mast cells are lost, as seen in the MPNSTs, would there be diminution of the anti-cancer effects of mast cells in maintaining the benign nature of neurofibromas. Thus, until the paracrine/autocrine paradigm is deciphered in neurofibroma formation, it behooves the NF1 research community to continue working toward the identification of mast cell signals (inducers) that specify responses from the microenvironment before implementing clinical trials using agents that inhibit mast cell migration toward the tumorigenic Schwann cell. To this end, Yang and colleagues (2) will likely make more outstanding contributions both to the NF1 research field and to the work of those who are dissecting the roles of inflammation and the microenvironment in cancer. 
